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fire Resistant m 



aterial . 



The present invention relates to a fire or flame 
resistant: material. More particularly, the invention relates 
to a high temperature, heat barrier material having selective, 
thermoprotective properties at elevated temperatures. 

Background Of The Invention 
Heretofore, various materials have been proposed as 
flame or fire xetatdaats. For instance, in the field of 
.rire resistant cable transits, such materials based on 
neoprenes, silicon foam, inorganic molding materials and 
mineral wool mats have been utilized. While these known 
materials exhibit various useful insulation and resistance 
to fire hazard properties, none of them, simultaneously, 
exhibit (1) good thermal conductivity under normal use 
conditions, (2) expansion and plugging properties at elevated 
temperatures and (3) heat insulating and mechanical protective - 
properties at very high temperatures, such as are encountered 
uring a fire. 

The present invention, however, is directed to a fire 
or flame resistant material which, in addition to exhibiting 
the above-mentioned characteristics, also has, simultaneously, 
additional operational and flame or fire resistant properties, 
and is capable of being produced using relatively inexpensive 
processes and components. 

General Description Of The Invention 
When exposed to fire or elevated temperatures the 
material of the present invention exhibits two basic properties 
which together provide an active heat barrier thereby protecting 
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objects requiring protection: 

(1) when heated to certain elevated temperatures, 
an endotherroic reaction occurs. One of the by-products of 
the reaction is water which, in the course of evaporating, 
cools down the heat exposed surface; and 

(2) the material of the present invention, when 
directly exposed to elevated temperatures, forms an intumescent 
layer having a firm, foam ceramic-like structure.. This 
intumescent layer shields the remaining non-exposed portion 

of the thermoprotective material and has good heat insulating 
properties at temperatures up to 2300 °F and higher. 

The heat barrier properties of the fire or flame 
resistant material of the present invention are present only 
at temperatures above 480°F (250°C). Below this temperature, 
the material of the present invention is a relatively good 
heat conductor, thereby dissipating excess heat. 

On heating the material of the present invention at 
the appropriate elevated temperature, the intumescent layer is\) 
formed in the material close to the" heat source while the 
portion of the material more remote from the heat source 
undergoes only the aforementioned endothermic reaction and 
does not advance to the intumescent stage. 

The fire or flame resistant material of the present 
invention, which is halogen free, gives off a low amount of 
light gray smoke during a fire. In a test of its heat protection 
capabilities a 5" x 5' x 3/8' thick specimen when exposed 
to 2200°F on one side, the temperature on the non-exposed 
side did not exceed 450°F after 30 minutes of exposure. 

/"^TO REX?? 
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The flame or fire resistant material of the present . 



invention, in one embodiment, can be a thermoplastic material 



that can be extruded/ molded and machined. The material of 
this invention can be rigid or flexible to a certain extent 
(20% elongation at break) . It can also be laminated or 



reinforced with conventional materials. 

The flame or fire resistant material of the present ^ 

invention is usefully employed, for instance, in the production 

of walls, 'floors, ceilings, rooms and cabins where fire 

protection is required or desired.. It can also be employed 

as a protective covering or coating for mechanical and 

.electrical equiprr-ent such as electrical cabinets or housings, 

fittings, pipes, hoses, cables, panels, cable transits, 

doors and hatches. Moreover, it is usefully employed in 

the production of coverings for tanks and pipes housing or 

carrying explosive contents and found in chemical plants, 

refineries, vehicles, ships and aircraft.- 

The flame or fire resistant material of the present 
invention can also take the form of granules, said granules 
being manufactured as such or being provided as sub-divided 
extrudates. These granules, having either a spherical or any 
appropriate shape and dimensions, may conveniently be used as 
an insulating material between an inner and an outer surface of 
a storage unit, such as a storage tank or vessel, especially of 
larger sizes . Due to the granular form of the flame or fire 
resistant material, it can easily fill in any space between 
said surfaces, the shape and dimensions of the granules as well 
as their property as a bulk material giving the appropriate 
density of the insulating materials. 

In its granular form, the flame or fire resistant material 
will during normal conditions constitute a "resilient" 
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insulation allowing for certain differences between the inner 
and the outer surfaces, as regards variation in structural 
tolerances and thermal expansions. If a fire should occur, the 
granules will as a result of the elevated temperature, provide 
an active heat barrier as explained above. Due to the loose 
storage of the granules, the granules will during a fire be 
allowed to expand and fuse together, so as to finally form a 
f irm , intumecent intermediate layer without imparting undue 
pressure on said surfaces. 

Detailed Description Of The Invention 
The fire or flame resistant material of the present 
invention comprises an organic or inorganic matrix, or a 
mixture thereof; 50-450 parts by weight of a filler material 
comprising aluminum hydroxide per 100 parts of said matrix; 
and 100-600 parts by weight of calcium carbonate or calcium- 
magnesium carbonate per 100 parts of said matrix. 

The fire or flame resistant material of the present 
invention can also contain 30-40 parts by weight of one or 
more of a lubricating agent, an elasticizer, a drying agent, 
a color-aging agent or an antioxidant agent, per 100 parts 
of said matrix. 

Tn one embodiment of the present invention,, the fire 
or flame resistant material can comprise purely inorganic 
components admixed with water. 

In yet another embodiment the matrix can comprise up 
to 90 weight percent inorganic components , the remainder 
being organic building agents, loosening agents, thermo- 
plastic materials, tempered plastic materials, elastomers, 
rubber and the liXe. The choice of any particular composition 
can depend on how the ultimate material is to be worked, 
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for example, molded, injected, extruded, or produced as a 
coating material to be applied to the object to be protected 
.against fire or heat. 

In one preferred embodiment of the present invention 
the matrix of the fire or flame resistant material is an 
organic polymer, preferably an ethylene-ethyl acrylate 
copolymer. In this preferred embodiment the filler material 
comprises aluminum hydroxide with up to 200 parts by weight the 
capable of being replaced by mica , per 10 0 parts of said organic 
polymer matrix. Also in this preferred embodiment, 0-100 parts 
by weight of the calcium carbonate can be replaced by sodium 
silicate, while the lubricating agent is paraffin wax present 
in an amount of about 10 parts by weight per 100 parts of 
said copolymer matrix. 

Moreover, in this preferred embodiment, the elasticizer 
is ethylene propene rubber present in an amount of about 11 
parts by weight per 100 parts of said copolymer matrix and 
the drying agent is an admixture of calcium oxide and wax 
present in an amount of about 11 parts by weight per 100 
parts of said copolymer matrix. 

Further, in this preferred embodiment, the color- 
aging agent is carbon black present in an amount of about 
1 part by weight and the antioxidation agent is poly 
tximethyl dihydroquinolin, present in an amount of about 1.5 
parts by weight, each biased on 100 parts of said copolymer 
matrix. 
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In still another embodiment of the present invention 
the fire or flame resistant material can be rigid. In this 



parts by weight of a filler material comprising aluminum 
hydroxide, 100 to 600 parts by weight of a member selected 
from the group consisting of calcium carbonate and calcium- 
magnesium carbonate, 8 to 15 parts by weight of a 



10 to 15' parts by weight of a drying agent, 1 to 2 
parts by weight of a coloring agent and 0 to 1,5 parts 
by weight of an antioxidant. 



A representative rigid fire or flame resistant material 



of the present invention is one containing, per 100 parts 
of ethylene-ethyl acrylate, as the matrix, 220 parts by 
weight of aluminum hydroxide, 220 parts by weight of calcium 
carbonate, 10 parts by weight of a lubricant, 11 parts by- 
weight of an elasticizer, 11 parts by weight of a drying 
agent, 1 part by weight of a coloring agent and 1.5 parts by 
weight of an antioxidant. 



the fire or flame resistant material can be flexible. In 
this embodiment the material comprises, per 100 parts of 
organic matrix, again preferably ethylene-ethyl acrylate, 

130 to 170 parts by weight of a filler material comprising 
aluminum hydroxide, 130* to 170 parts by weight of a 
member selected from the group consisting of calcium carbonate 
and calcium-magnesium carbonate , 8 to 15 parts by 



embodiment the material comprises, per 100 parts of organic 
matrix> preferably ethylene-ethyl acrylate, 50 to 450 



lubricating agent, 8 



to 15 parts by weight of an elasticizer 



In yet another 'embodiment of the present invention 
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weight of a lubricating agent, 25 to 40 parts by 
weight of an elasticizer , 10 to 15 parts by weight of 
a drying agent, 1 to 2 parts by weight of a coloring 
agent and 0 to 1,5 parts by weight of an antioxidant. 

A representative flexible fire or flame resistant 
material in accordance with the present invention is one 
containing 30 parts by weight of ethylene-ethyl acrylate, 
as the matrix, 150 parts by weight of aluminum hydroxide, 
150 parts by weight of calcium carbonate, 10 parts by 
weight of a lubricant, 30 parts by weight of an elasticizer, 
11 parts by weight of a drying agent, and 1 part by weight of 

a coloring agent. 

When the material of the present invention is used 
for the production of fire resistant cable transits it will 
expand due to the presence therein of aluminum hydroxide, 
under the influence of intense heat, for example, fire or 
radiated heat, such that the material blocks any permeation 
of smoke, warm gases and flames along the transits. If 
a portion of the aluminum hydroxide is replaced with mica, 
whether natural or hydrated, the degree of expansion can be 
varied within fairly wide limits,' since the addition of 
mica imparts to the material a dough-like consistency and 
provides grpa ter expansio n of the material at high temperatures 

In addition, the function of the aluminum hydroxide 
as an expansion agent can be partially replaced and regulated 
with an organic expansion agent, such as, azodicarbonamide. 

At temperatures above the combustion temperature of the 
jrganic components, e.g., in a fire situation, the fire 



if. 



(Ar >r , vvirc 

NSDOCID: <WO 8304041 A! > \ ' F •».».._ 



W0 83/04041 PCT/NOn3/00017 

8 

resistant material of the present invention forms a strong 
intumescent laye r havi ng good thermal insulation properties 
and high thermal stability, i.e., it will withstand heat up 
to temperatures of 1100 -C. The intumescent layer contributes 
to an effective thermal and mechanical insulation of the 
articles or objects coated or covered with the material of 
this invention. 

Before burning, the material of this invention is 
elastic and is very resistant to vibrations and mechanical 
loads. r 

In another embodiment of the present invention the 
matrix can be a concrete mortar. 

Yet another alternative is to use as the matrix a 
component such that the finished product can be employed 
to coat or paint the object to be protected from fire. 
Such a component is, for example, a. solution or suspension 
of an alkyd, a polyurethane, a vinyl acetate, an acrylate or 
the like. 

i The present invention also relates to a method for 

producing the fire or flame resistant material defined above, 
said process comprising mixing the components thereof, dry, 
at ambient temperature, extruding the resulting admixture 
at a fusion temperature of about 150-200 °C to form extrudates 
in continuous form and subdividing said extrudates. 

The extrudates in continuous form, e.g. string-lixe 
form, can be cut into smaller lengths or cubes for temporary 
storage. These subdivided extrudates can then be extruded 
at a temperature of about 150-200 °C so as to produce covers 
for the articles or objects to be protected from fire. 
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Moreover, the flame or fire resistant material of the 
present invention can easily he extruded to form coatings 
for cabies which are exposed, or more importantly, for 

cables hidden in walls. 

Tests made with the flame or fire resistant material 

of the present invention show that, for a class X 
fire test, the material withstood fire for ISO minutes, 
at which spint the test was stopped. By comparison, fcnown 
PVC materials under essentially the same class A fire 
test conditions withstood fire for only about 60 minutes at 
which point the. PVC material chemically decomposed and 
produced dangerous chlorine gas . 

In still another preferred embodiment of the pi 
invention, the flame or fire resistant material comprises 
90-140 parts by weight of a polymeric matrix material, 14-24 
parts by weight of a production lubricating agent. 8-13 parts 
by weight of calcium oxide, 140-160 parts by weight of calcium 
carbonate and 140-160 parts by weight of aluminum hydroxide. 
Moreover this material can also include an effective amount or 
a color-aging agent, such as .carbon black. 

The polymeric material comprises preferably, 70-100 
parts by weight of ethylehe-ethylacrylate copolymer and 
20-40 parts by weight of synthetic rubber, ..g._EBU *he 
production lubricating agent comprises, preferably, 8-12 
parts by weight of polyisobutylene and 6-12 parts by weight 
of paraffin wax. 

The flame or fire resistant material of this embodiment 
of the invention described immediately above, can be prepared- by 
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nixing together a, components thereof ( essentially in powder 

£ ° r "' at ' of approximately 30'C to produce a ' 

loose admixture. The resulting dry mixture u extrud£d 
through a double screw extruder at a temperature of approximately 
130-C. The resulting extrudate is partially cooled and fed 
through a perforated plate, to be chopped into, granular for,, 
at the exit of the plate. The granules can be stored 
temporarily at room temperature. Thereafter the granule* 
can be processed into pipe or conduit form through an 
extruder with, gradual heating up to 125»c. 

The extruded conduit can be provided with a reinforcing 
coating, and optionally an outer protective cover, made of, 
for instance, a. plastic material. 

A conduit made of the flame or fire resistant material 
reinforced in this manner t. especially useful as a flame- 
resistant shell for electric cables. 

The reinforced conduit described above, forms, when 
• exposed to fire conditions, a strong intumescent layer 
having good thermal insulation properties and high thermal 
stability. The intumescent layer contributes to an effective 
thermal and mechanical insulation of the cables housed 
therein. The intumescent layer is supported by the reinforcing 
coating 0 

As an example of a flame or fire resistant material 
of the present invention, produced especially in the form 
of a conduit for protecting electric cables, the following ' 
components were mixed together at a temperature of about 
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3Q a C, the components being essentially in powder forroi 
80 parts by weight of ethylene-e thyl acrylate copolymer, 
30 parts by weight of a synthetic rubber such as EPDM 
rubber, 10 parts by weight of polyisobutylene, 10 parts 
by weight of paraffin wax, 11 parts by weight of calcium 
oxide, 1 part by weight of carbon black, 150 parts by weight 
of aluminum hydroxide and 150 parts by weight of calcium 
carbonate « The resulting dry mixture is then fed through 
a double screw extruder at a temperature of 130 ft C, and the . 
extrudate, in partially cooled condition, is then fed 
through a perforated plate and chopped into granular form 
at the exit from the plate <, 

The resulting granules can be stored/ if necessary, 
at normal room temperature for later use, or they can be led 
directly to an extruder with gradual heating to 125 °C for 
extruding into pipe or conduit form. 

The extruded conduit is provided with an outer 
reinforcement after which, the reinforced conduit is covered 
with an outer- protective coating of, for example, polyvinylchloride , 
if desiredo 

The polymeric matrix material, i-e. ethylene-ethyl 
acrylate copolymer and the synthetic rubber form the 
elasticizer components of the resulting conduit, and the 
relative amounts of these two components can be balanced 
depending on the degree of elasticity desired relative to 
the amount of filler material which is to be absorbed in the 
polymeric mixture. Polyisobutylene is added as an aid in 
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the process of mixing the filler material in the polymeric- 
mixture, and paraffin wax is added as a lubricating agent 
to give the mixture sufficient pliability during the manufacturing 
process . 

Calcium oxide, which absorbs moisture in the mixture, is 
added in suitable quantities as a drying agent to reduce the 
danger of pore effects when the polymeric materials and the various 
additives are mixed. The eale-ium oxide also contributes to a more 
homogeneous mass. 

Carbon black is employed as a coloring agent. It 
also imparts to the mixture a certain degree of protection 
against oxidation. 

The filler components, aluminum hydroxide and calcium 
carbonate, when the material of the invention is exposed 
to combustion conditions, produce a porous material which 
3oes not burn, and the mutual relationship between the 
additives gives the correct consistency to the foam which 
dccuxs on combustion. This foam later stiffens to a - 
strong intumescent layer having good thermal insulation 
properties and high thermal stability. 

The pipe or conduit shaped protective article of the 
present invention provides good mechanical protection under 
lormal conditions of use and does not produce halogen gases 
3r appreciable smoke upon combustion. Apart from the organic 
naterials, the protective conduit of the present invention 
Joes not burn easily and at "high temperatures it forms a 
Jxermally stable ceramic-like foam intumescent layer which 
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has good thermal insulating properties, and which is held in 
place with the aid of reinforcement means such as a braiding 
of metal or other conventional material. 

Under combustion conditions the chemical reaction 
produces water which as noted earlier has a cooling effect. 
The material of the present invention also has a low heat 
of combustion. The protective conduit of this invention can- 
be made using standard equipment, and is relatively inexpensive 
due to easily available raw materials. 



iNSOOCiD: <WO 830404 1A1> 




OMTI 



WLPO 



WO 03/04041 

PCT/.N 003/000 17 

14 

What Is Claimed Is : 

1. A fire or flame resistant material comprising 
an organic or inorganic matrix or a mixture thereof, 50-450 
parts by weight of a fin er Mterial comprising aluminum 
hydroxide per 100 parts of said matrix; and 100-600 parts 
by weight of a member selected from the group consisting of 
calcium carbonate and calcium-magnesium carbonate per 100 
parts of said matrix. 

2. The fire or flame resistant material of claim 1 
wherein said matrix is an organic matrix comprising an 
ethylene ethyl acrylate copolymer. 

3. The fire or flame resistant material of claim 1 
which also includes 30-40 parts by weight of one or more of 
a lubricating agent, an elasticizer, a drying agent, a 
color-aging agent or an antioxidant agent per 10 0 parts 

of said copolymer. 

4. The fire or flame resistant material of claim 1 
wherein said filler material comprises 50-450 parts by 
weight aluminum hydroxide wherein 0-200 parts by weight 
thereof are capable of being replaced by mica. 

5. The fire or flame resistant material of claim 1 
wherein 0-100 part* by .weight of said calcium carbonate are 
replaced by sodium silicate. 



X:iO: <WO 8304041 Al> 



PCT/NO83/00017 

. WO 83/04041 

15 

6. The fire or flame resistant material of claim 3 
wherein said lubricating agent comprises paraffin wax present 
in an amount of about 10 parts by weight per 100 parts of 
said copolymer. 

7. The fire or flame resistant material of claim 3 
wherein said drying agent comprises an admixture of calcium 
oxide and wax, present in an amount of about 11 parts by 
weight per 100 parts of said copolymer. 

8. The fire or flame resistant material of claim 3 
wherein said elasticizer comprises ethylene propene rubber 
present in an amount of about 11 parts by weight per 100 
parts of said copolymer. 

9. The fire or flame resistant material of claim 3 
wherein said color-aging agent comprises carbon black present 
in an amount of about 1 part by weight per 100 parts of 

•said copolymer. 

10. The fire or flame resistant material of claim 3 
wherein said antioxidant agent comprises poly trimethyl 
dihydroquinoline present in an amount of about 1.5 parts 
by weight per 10 0 parts of said copolymer. 

11. The fire or flame resistant material of claim 3 
wherein said filler material also includes an effective 
amount of azodicarbonamide as an organic expansion agent. 
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12. The fire or flaM resistMt ^ ^ 

wherein said matrix is an ino?ganic ^ 

concrete mortar. 

13. The fire or fl ame resist.nt Mterial 

alfcyd, a eolyurethane, an vinyl ace tate or 

an aery late, 

» 

14. A rigid fire or flame resistant material 
con-prising per 100 parts of an organic matrix, 50 to 450 
Parts by W eig ht of a finer material comprising a lu mi num 
hydros, 100 to 600 parts by weight of a member seie=ted 

from the group consisting of calcium- carbonate and calcium- 
magnesium carbonate r n c 

a<~. 8 to 15 p ar ts by weight of a lubricating 

a^nt, 8 to 15 part s by weight of an elasticizer 

10 to 15 parts by weight of a drying agent, 1 to 2 . parts 
by weight of a coloring agent and 0 to 1,5 parts by weight 

of an antioxidant. " - — - 

IS. The rigid fire or flame resistant material of claim 14 
comprising loo parts of e thylene- et h yl acrylate as the matrix ' 
220 parts by wei9 ht of aiuminum hydroxide as a filler, 220 
parts by weight of calcium carbonate, 10 parts by weight of 
a lubricant, U parts by weioht o£ „ elasticileri ^ 

by weight of a dryino aoe«4- i ^ , 

79 age ? tv 1 P art fa y weight of a coloring 
agent and 1.5 parts by weioh*- «-f 

oy weight of an antioxidant. 
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16. -A flexible fire or flame resistant material com- 
prising per 100 parts of an organic matrix, 130 to 170 
parts by weight of a filler material comprising aluminum 
hydroxide. 130 to 170 parts by weight of a member selected 
from the group consisting of calcium carbonate and calcium- 
magnesium carbonate, 8 to 15 parts by weight of a 

lubricating agent, 25 to 40 parts by weight of an elasticizer, 
10 to 15 parts by weight of a drying agent ^ x ^ 2 

parts by weight of a coloring agent and 0 to 1,5 p arts by weight 
of an antioxidant. 

17. A flexible fire or flame resistant material 
comprising 30 parts by weight of ethylene-ethyl acrylate as 
the matrix, 150 parts by weight of aluminum hydroxide as a 
filler, 150 parts by weight of calcium carbonate, 10 parts 
by weight of a lubricant, 30 parts by weight of an elasticizer, 
11 parts by weight of a drying agent and 1 part by weight 
of a coloring agent. 



18- A method for producing the fi re or flaine resistant 
material of claim 1 comprising mixing the components thereof 
dry at ambient temperature, extruding the resulting admixture 
at a fusion temperature of about 150-200'C to form exudates 
in continuous form and subdividing said continuous exudates. 

19. Sub-divided extrudates made in accordance with 
the method of claim 18. 
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20. A method for producing a fire or flame resistant 
coating for articles to be protected against fire comprising 
extruding the sub-divided extrudates of claim 19 at a 
temperature of about 150-200<»C into a desired shape. 

21. A fire or flame resistant material, comprising 
9.0-140 parts by weight of a polymeric material, 14-24 parts 
by weight of a lubricating agent, 8-13 parts by weight 
e-f calcium oxide, 140-160 parts by weight of calci 
carbonate and -140-160 parts by weight alumini 
hydroxide . 



urn 
um 



e 
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22. The fire or flame resistant material of claim 
21 which also includes an effective amount of a color-aging 
agent* 

23. The fire or flame resistant material of claim 21 
wherein said polymeric material consists of 70-100 parts 
by weight ethylene- ethyl acrylate copolymer and 20-40 
•parts by weight synthetic rubber and wherein said lubricating 
agent consists of 8-12 parts by weight polyisobutylene and 
6-12 parts by weight paraffin wax. 

24. A method for producing the fire or flame resistant 
material of claim 21 comprising mixing the components thereof, 
essentially in powder formf tQ produce a 

at a temperature of about 30*C, extruding the resulting 
admixture at a temperature of about 130°C, cooling the 
xtrudate and subdividing the extrudate into granules for 
w?A7>^ ge at ambient temperature. ^^bURE^ 
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25. The granules made in accordance with the method 
of claim 24 • 

26. A method for producing a fire or flame resistant 
material in tube form comprising extruding the granules of 
claim 25 at a temperature up to 125 °C. 

27. The extruded fire or -f-lajae res-i-stant material 

in tube form made in accordance with the process of claim 26. 

28. The extruded fire or flame resistant material 
in tube form of claim 27 provided with an external steel 
brading and an outer protective coating. 

29. The. extruded fire or flame resistant material 

of claim 2 8 wherein the outer protective coating is a plastic 
material. 

30. The use of the fire or flame resistant material of claims 
1 to 17 or 21 to 23 in the production of coverings for 
mechanical and/or electrical or any energy converting 
equipment, such as cabinets or housings, fittings, pipes, 
houses, cables, panels, cable transits, doors, tratches and 
building structures. 

31. The use of the fire or flame resistant material of claim 
1 to 17 or 21 to 23 in the production of coverings for vessel 
tanks and pipes housing or carrying explosive contents and 
found in chemical plants, refineries, vehichles, ships and 
aircraft. 
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32. The use of the fire or flame resistant material of claims 
1 to 17 or 21 to 23 in the production of granules or bulk 
material, said granules comprising shapes and dimensions 
adapted to fill any gaps or spaces prepared for fire 
insulat ion . 



33. The use of granules or bulk material of claim 32, said 
granules having a shape and size and a packing density at 
normal temperature allowing for thermal -expansion in said gaps 
or spaces during a fire. 

34. The use of .the fire or flame resistant material of claims 
1 to 17 or 21 to 23 in the production of fire insulating cove- 
rings laminated or reinforced with conventional material. 
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